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1 Water Imbibition Experiments of Shale Rock
1.1 Water stress analysis in shale
The presence of water status in shale may have 
water vapor, solid water (ice, crystal water, etc.), 
molecular binding water, adsorbed water (water 
films), capillary water and gravity water. 
Because there are a lot of micro-
nano pores in shale, as well as a large number of ri
ch mineral soils, water will be influenced by capill
ary and chemical bonding force in shale, the water 
willbe exist in the state by adsorbed water and capi
llary water in the shale. Through the analysis of 
this force, it can provide a theoretical basis for 
fracturing fluid flow back’s difficulties.
1.2 Macro- tests of water imbibition in shale
Shale sheets were hanged in the bottom of the 
balance in experiments, and partially submerged in 
the water. 
The ability of water imbibition from the shale 
sheet was observed. And to analysis experimental 
data, and summary general rules of the water 
imbibition in shale combined with water micro 
flowing at the surface of the shale sheet.
1.2.1 Experimental prepares
(1)  The shale cores were sanded into slices 
of diameter 25mm and height 1.5mm; 
(2) The core sheets were dried at 105 ℃, to 
measure the quality every day until the quality no 
longer change;
(3) Ultra-pure water of 500ml was 
prepared for experiments.
1.2.2 Experimental procedures
(1) Three strings were tied to the hook on the scale 
in the bottom of balance, and the other ends were 
tied to the wire rings, and wire rings were kept 
balanced. 
(2) Four shale clips were hung on the wire loops 
and keep sheets in the same horizontal level;
(3) Four shale clips were caught by racks, and  
keep the lower end of the core sheets at the same 
level until sheets stop shaking, then the balance 
were cleared; 
(4) Core sheets were suspended in a beaker (sheets 
immerse into water of 3mm height), to record the 
mass m of water absorption of shale sheets, show 
in Fig. 1;
(5) The test recording period is about several 
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minutes, to record the mass m of water absorption 
over time.
Figure1 Experimental apparatus
1.2.3 Analysis of experiments
Shale sheets in the water are forced by balance 
including water buoyancy and its own gravity. 
Before the shale sheet into the water, the balance is 
cleared, and then its gravity does not affect the 
quality of the balance after putting shale sheet into 
the water. After putting the sheet into the water, 
there arrives a new balance, including gravity and 
buoyancy force. The force changes of the quality 
of the balance:
        （1）fF G F   
where, —quality shale sheet change of gravity F
and buoyancy forces，N； —quality shale G
sheet change gravity, N； —buoyancy, N.fF
1.2.4 Experimental analysis
Experiments are divided into two groups with four 
core sheets. The first set of experiments is about 
14 days, the total mass change is 1.2781g; a 
second set of 15-day experiment, the total mass 
change is about 1.4889g.
Water imbibition mass curves were plotted (shown 
in Figure 2), according to the experimental data. 
The imbibition can be divided into three stages: 
Firstly quality changes increase rapidly after the 
shale sheet was put into the water, the three-phase 
contact surface forms into a water ring due to 
interfacial tension; Secondly, rate of mass change 
slowly after about 1 min, the total mass change is 
still increasing, which means that water flow in big 
cracks. Finally, the final rate of mass change is 
very small after about five days, and finally 
approaches a constant value, which means that 
water flows through small cracks and small pores.
Experiments show that: the imbibition in surface 
of shale slice is very big. The mass imbibition rate 
is about 17%, and volume imbibition rate is about 
43% which far more than porosity of shale rock of 
3%. The reason is that the three-phase contact 
surface forms into a water ring due to interfacial 
tension. The moving imbibition of water can be 
observed by super-field depth optical microscope. 
Figure 2 water imbibition on surface of shale rocks
2 Change of Shale Rock's Fracture Strength 
after Water Saturation
2.1 Microcosmic changes on surface of shale 
cores after water saturated  
Core fractures were observed and contrasted by the 
VHX-5000 Super Depth of Field Microscope before and 
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after saturated water. As shown in figure 3, some shale 
cores were qualitative judged whether water affects 
obviously fractures of shale. Water can dissolves the 
cement which is the part of shale, to form larger pores, 
and to promote the formation of fractures after water 






Figure 3 Shale surface fractures before and after 
water saturated
2.2 Porosity measurement by saturated water 
According to quality changes before and after the water 
saturated into shale, the average absorption and the 
porosity[8] were calculated by formulae (2) and (3), 
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Shale’s water absorption can be concluded between 2% 
and 3.1%, the average water absorption rate is 2.72%. 
The porosity is about between 5.50% and 8.02%, the 
average porosity is 7.02%. After saturated water in to 
shale rocks, water can promotes to generate the pores 
and cracks. 
2.3 The influence of water on shale fracturing 
forces
By used the YES -2000j uniaxial pressure tester and 
DH3818 static strain testing system, the fracturing 
forces of water saturated shale cores and the unsaturated 
shale core were measured and compared.
2.3.1 forms of shale damage 
There are almost damage forms of brittle splitting 
failures along the bedding plane of the saturated or 
unsaturated water shale core by uniaxial compressed. 
The stratification plane and micro cracks inside of shale 
have a large influence on the way of the fracturing, lead 
to the anisotropic changes of strength and deformation. 
As shown in figure 4, it is easier to generate fractures 
and lead to higher fracture degree compared with the 
saturated shale core. 
        
Figure 4 the splitting failure of the shale core saturated 
water and unsaturated shale core 
2.3.2 Maximum damage pressure
Shale rock is a kind of brittle material, in the fracturing 
process of the brittle material, when the stress increased, 
the fracture pressure of shale core will reach to the 
extreme points, more than the yield limit value, shale 
core will be damaged, it’s surface will generate lots of 
cracks. 
Experiments show that: after water saturation, the 
damage pressure is greatly reduced from about 30.9MPa 
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to 10.4MPa (shown in fig.5 and Fig.6), and it is 
conducive to produce fractures system, so the 
production rate of shale gas can be improved. The 
imbibition water rate is about 7% of volume bigger than 
porosity of shale rocks because of the hydrophilic 
surface.
Figure 5 The damage value of shale cores 
with saturated water and unsaturated water
Figure 6 pressure tests curves with different stress (red 
curves are dry shale cores, blue curves are water 
saturated shale cores)
3 Conclusions
Through experiments of water imbibition in shale 
and experiments of the saturated shale to observe the 
process of crack generation, and compared failure forms 
and damage strength of the saturated shale cores and 
unsaturated shale cores, several conclusions are 
following: 
(1) The water imbibition in shale can be divided 
into three stages: the first stage is that the three-
phase contact surface rapidly forms into a water 
ring due to interfacial tension; the second stage 
is that water flows in big cracks; the third stage 
is that water flows in the small cracks and small 
pores.
(2) The average porosity is about 7% of the Long Maxi 
shale rocks used in the experiment.
(3) Water can dissolve cement which is the part of shale, 
and promote to develop of shale fractures after water 
saturated into shale rocks.
(4) The average damage value of shale cores saturated 
water is about 11.69MPa, while the value of  
unsaturated cores is about 30.57MPa, water can decrease 
the damage strength of the shale, and easier to generate 
the cracks.
References
[1] Wang Hailong, Xu Liuyang. Status and 
prospect to China’s shale gas development[J]. The 
Earth, 2013(2): 3.
[2] Cheng Yuanfang, Dong Bingxiang, Shi Xian,et 
al. Seepage mechanism of a triple-porosity /dual- 
permeability model for shale gas reservoirs[J]. 
Natural Gas Industry, 2012, 32(9): 44-47+13.
[3] Willberg D M, Steinsterger N H, et al. 
Optimization of fractured cleanup using flow back 
analysis[C]//Paper 39920 presented at the Rock 
Mountain Regional Low-Permeability Reservoirs 
Symposium, 5-8 April 1998,Denver, Colorado, 
USA.New York: SPE,1998
[4] Gao Shusheng, Hu Zhiming, Guo Wei, et al. 
Water absorption characteristics of gas shale and 
the fracturing fluid flow back capacity[J]. Natural 
Gas Industry, 2013, 33(12): 71-76.
[5] Zhou Yuliang, Meng Yingfeng, Li Gao, et al. 
A Study on Shale Spontaneous Water Imbibition 
in Gas Drilling Wells[J]. Petroleum　Drilling　
Techniques, 2009, 37(6): 31-34.
[6] Philip H N. Pore-throat sizes in sandstones, 
 5 / 5
tight stand-stones, and shales [J]. AAPG Bulletin, 
2009, 93(3):  329-340. 
[7] Jennifer L A, Edward J M, Joan F B. 
Solubilities and thermo- dynamic properties of 
gases in the ionic liquid 1-n-Butyl-3- menthy 
limidazolium hexafluoro- phosphate [J]. The 
Journal of Physical Chemistry B, 2002, 106(29):  
7315-7320.
[8] Dong Dazhong. Break through and prospect of 
shale gas exploration and development in China [J]. 
Nature gas industry, 2016, 36:19-25.
[9] Shi Xian, Chen Yuanfang et al. Experimental 
study of microstructure and rock properties of 
shale sample[J]. Chinese Journal of Rock 
Mechanics and Engineering, 2014, 33:3439-3443.
[10] Liang Bin, Lan Bo et al.  Triaxial 
compression test study on mechanical 
characteristics oil shale under the water [J]. 
Journal of ShanDong University(Engineering 
Science), 2011,41,82-85.
[11] Zhang Huimei,Yang Gengshe. Experimental 
studies on moisture and freeze thaw effect of 
mechanical properities of shale [J]. January of 
WuHan University of Technology, 2014, 36: 95-
97. 
[12] Li Qinghui, Chen Mian. Experimental 
research on failure modes and mechanical 
behaviors of gas-bearing shale[J]. Chinese Journal 
of Rock Mechanics and Engineering, 2012, 31: 
3763-3765.
[13] Jiang Changgui, Chen Junhai et al. Research 
on mechanical behaviors and failure modes of 
layer shale [J]. Rock and Soil Mechanics, 2013, 34: 
57-59.
[14] Paterson M S, Wong T. F. Experimental rock 
deformation the brittle field[M]. 2nded. New York: 
Springer-Verlag, 2005: 155-158.
[15] Hu H Y, Zhang T W, Wiggins-Camacho J D, 
et al. Experimental investigation of changes in 
methane adsorption of bitumen free Woodford 
Shale with thermal maturation induced by hydrous 
pyrolysis[J]. Marine and Petroleum Geology, 2014, 
59: 114-128.
[16] Sondergeld C H, Ambrose R J, Rai C S, et al. 
Micro-structural studies of Gas Shales[C]. SPE-
131771, Pittsburgh, Pennsyvania, USA: Society of 
petroleum Engineers, 2010:1-17.
[17] Sondergeld C H, Newsham K E, Comisky J 
T,et al. Petrophysical considerations in evaluating 
and producing shale gas resources[C], SPE-
131768, Pittsburgh, Pennsyvania, USA: Society of 
petroleum Engineers, 2010: 1-34.
